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[57] ABSTRACT 

The clock signal required for demodulation of a re- 
ceived NRZ digital data stream is generated by detect- 
ing each transition across a reference axis made by the 
received NRZ digital data stream. This transition data is 
then utilized to change the voltage applied to a voltage 
controlled oscillator. The change in die voltage applied 
to the voltage controlled oscillator causes the frequency 
of the output from the voltage controlled oscillator to 
change. The change in the frequency of the output of 
the voltage controlled oscillator adjusts the period of 
the clock signal until the clock signal is synchronized 
with the transition data at which time it may be used to 
demodulate the recieved NRZ digital data. 

8 Claims, 7 Drawing Figures 
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* FIG. 5 is an illustration of the waveforms associated 

t\ ata SFfTlVERY with the switch 18 illustrated in FIG. 1; and 

NRZ DIGITAL DATA RECOVERY tf ^ ? fa combinadon ^ a schematic dia- 

This invention relates to demodulating non-return-to- gran, of <^*^fi^ may be uuhzed to 

zero (NRZ) digital data. In one aspect th* mvenUon 5 ^^StSS'^dr. 

relates to method and -""^g^ffi cute? for demodulating NRZ digital data and is also 
signal which may be used to demodulate NRZ digital cmiry^ ^ tennsof p^uiar circuitry for generating 

^here^thet^ . 

k contamed m the state of ™ -^^fSi £L the use of a synchronized clock signal to recover infor- 
cnt commumcanon systems utilize an NRZ digital data ^ ^ ^ a ^ a simp ler filter 

"S Emitted, NRZ digital data will remain in one than an integrator (a matched filter) could be utilized 
of two states for a set period of time^which ^ be for a, ^ ^ m ^ C ular t0 
referred to hereinafter as the "bit" period. At the end of NRZ digital data is provided to the 

the bit period, ^^-^^IKS 20 ^^S^SSSflU« JfDftr is utilized 
state or remain in the first state. NRZ digital o^ nwy ^ ^ ^ ^ signal t0 the correct level or ampli- 
be demodulated by integrating the r«£ved sigg for JdSoS^Speration. Also, if the received 
the bit period. The integration is generally under the tuoe ™°P™ 0 ut-of-band frequency components that 
contix>lofaclocksigna!wmc^^ ^^TbS^SS^pJL. these out-of- 

hereinafter as the "clock period") the same a , tiie bit couM cause ^ The ^ of the 

period. If the clock signal is not synchronized with tiie 25 band agnu comp desirable to 

received NRZ data, the integration may begin at the ampliner and niter us uoi rojuu* 
wrong time and an excessive error rate will result It » mimnuze ^ra£ ^ fc „ * 

thus an object of the invention to provnie^ u«ttiod and J^* 0 *^ circuit 14. If it is assumed that the 
apparatus for generating a dock signal which k syn- P^J^^* one ^ one zero one zero, then 
chronized with the rece^ h^ damand thus may be 30 ^£*X*ZwpM to the squaring circuit 14 
utilized to demodulate NRZ digital data. ™? c ht have the waveform illustrated in FIG. 2. The 

In accordance with the present invention, method ^t have the wa ^£^ general decision 

and apparatus is provided for generating a c ock sign* ^fX^ete^vedlgnalba "one" or a "zero", 
whicr ihas a period equal to the bit penod £ M*z * to ~£ cS^wulS»ut a signal having the 

modulate the received NRZ digital data stream. Errors tor 12. generator 16 

are substantially reduced because the integration (detec 40 ^^^l^^Zrmnedvndihe^^ 
tion) will be begun at the correct time. i: P "„„ri„Suit output makes a transition through a 

In general, the required clock signal may be gener- ^^^^^"SenteTevel were as illustrated 
ated by detecting each «ansitton across the reference l„ t "L the transition detector would 

axis made by the received NRZ digital data stream. m FIG.Z. """^""S 2 for the assumed received 
TOs transition data is then utilized to change J die volt- 45 %£XLSE* o^ufofX transition de- 
age apphed to a voltage controlled oscdlator. The ^torm ^ e * ^ ^ ved wave f on n makes 
change in the voltage apphed to the : voltage conttoUed JJJ^Jf ^ ^ U the same as 
oscUlator causes the frequency of the output fiw i the "SS^tolftteteceived 
voltage controlled oscillator to change. The change in tiie ^g^JJ 1 ™ ^te t^^^ each bit period (as 
the frequency of the output of the voltage conttoUed 50 ™«TStotto output of the transition 
oscillator adjusts the period of the clock signal until 1 the would b e^ typical ). tn en u > P poise 
clock signal is synchronized with -the tranation data ^J^j£3S?SL multipl e o'f the bit 
which is the desired result. ^ .„ .„ ne riod It is noted that because of noise, additional 

Other objects and advantages^ ^invention wdlbe P^_" " ^dedfrom the transition detector but, 
apparent from *e foregomg bnef de^rmoon oftte 55 P^^SeC^oSr at some multiple of the bit 
invention and the claims as well as the detailed descrtp- ff£ do not occur at substantially some 

jSSSSsssasss SS 2 ^-- 

dance with the present invention; 60 —? ooerat ion of the transition detector and pulse 

FIG. 2 is an illustration of the waveform of the trans- ™ is Crated more fully by the sim- 

mitted data, received data and transition detector and ^g£*»Z ^T^oTr!^ now to 

pulse width generator 16 output; ^ 3 5^ a is the output from the squaring circuit 

FIG. 3 is a detailed schematic of ( the ^ranation. ietec- [i 0 -^ 6 ^ Ued at the first input of the 

tor and pulse width generator 16 illustrated m HO* 65 14, •ssuopne ^ through the 

FIG. 4 is an illustration of the waveforms associated 103and capacitor 104 to the 

with the transition detector and pulse width generator ^^^S^gate^l. 

16 illustrated m rIO. 3; 
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Refemng back to nu. i, LCC P«» *V trtr 1<s orp nneration of such an integrator is well known in the art 
transition detector and lV^.^g™£™ ^^^Z^yst^^tmy. if ^ received 
provided as an input to the switch 18. It « noted tot use °/" 5 ™^ bit y period is considered a curve, the 

Tta switch 18 is closed for the period of ^ that the ^dlu^jed « RG- 2. M ^ 

pulse from the transition detector and pulse width gen- A T1 ™E^L»M Thetaeshold ; detector 31 is 
Sor 16 is high. Tins allows the ^ M wh,ch 20 iJl^SSffSd of the 

is generated as described hereinafter, to be supplied to puhzedto ^termmea wn p 

thf RC combination made up of realtor 19 and capaci- migrator 12 a J^J «™f of ^ 

tor21.Dependinguponthestateofthedocks^% J"*** latch 29 to be stored 

the voltage on the capacitor 21 w>U be ^creased or fetectorSI* ^ thus sto red data may be 

sps|aaasa 
S^wsmss » SSSSbfaaases 

signal D. As is illustrated in FIG. 5 as this increase in torted by_ none to m gentta^ ^ebitperiod) 
thTperiod of clock signal D occurs the «on pjn« by tTe transition detector and 

C will approach the leading edge of the clock signal D. ^^bmSSnUi' This periodicity provides an 
When the pulse signal I C passes the tadmg . ed S of 45 P^^en«^0 t P J^ansmit the 
the clock signal D, switching will occur while the clock «»• J^^gLa! utilized to clock the 

signal D is negative which will discharge Ac ^gattr Jg2flg5^2& the clock signal is 
by a small voltage. As the voltage on the capacitor goes , f ^ transition detector 

lower, the frequency of the voltage conttolled oscdta- ^^^y, Correct period ofinte- 
tor22isincreased which has the effect of decreasmg the 50 a^pute error rate ^significantly 

period of the clock D. t „„ cirinn nll ic e c reduced as compared to detection systems in which 
This process continues until the transition pulse C ^eouceo as , k ^ not ava aable. 
occurs exactly on a transition of the clock Dm such a **^*^gf2£ beriliSto implement the 
manner that the same amount of 55 ,^SSl£Sl toFIO. 1 is illustrated in FIGS. 6 
subtracted from the charge on the capacitor ML When 55 ^ t j, preferably implemented utilizing 
this occurs the clock D will lock onto the transition and'^e arcuK w p y £ obtained 
pulse C which is toe « SlS^-StS- such as RCA, Motor- 
may thereafter expenence oKirchild, and National. Also, the operational am- 
tially remam VaOm^^^no^^ 5 60 oUfiers^be obtained from a number of manufactur- 
As was previously stated in toe j*™"""* ™ J 60 5?5S!l«of each of the chips is fully described 
the output from the voltage controlled oscilktor 22 is ere. ine nmc o ^ufacturers of these 
utilized to drive toe clock generator 24 which is essen- *™"g™" which th e circuit operates 
tiaUy a counter. The clock generator 2A wj ottput a 0 b^ Q ~e^ed in the art of electronics. 
clocksignalMhavmgapencidequMtotoebitpenodof would ^dffi* and futer 11, squaring circuit 14, inte- 

ss^wssa^sss sasssssas*-**— » 
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capacitor 21, voltage controlled oscillator 22 and clock 
generator 24 are illustrated in FIG. 7. 

Some power supplies and other conventional cir- 
cuitry required by the various chips have not been illus- 
trated in FIG. 3 for the sake of simplicity. Again, such 
power supplies and additional circuitry required are 
specified by the manufacturers and all well known to 
those skilled in the art of electronics. 

The invention has been illustrated and described in 
terms of a preferred embodiment as illustrated in FIGS. 
1-7. As has been previously discussed, reasonable varia- 
tions and modifications are possible within the scope of 
the disclosure and the appended claims to the invention. 

That which is claimed is: 

L Apparatus for generating a clock signal which has 13 
a period equal to the bit period of received non-return 
to zero (NRZ) digitial data and which is synchronized 
with said received NRZ digital data comprising: 

a transition detector and pulse width generator, 

means for providing said received NRZ digital data 
to said transition detector and pulse width genera- 
tor, wherein said transition detector and pulse 
width generator provides an output pulse haying a 
desired predetermined width each time said re- 
ceived NRZ digital data makes a state transition; 

a switch having first and second terminals; 

means for connecting a clock signal to a first terminal 
of said switch; 

a capacitor; 

means for electrically connecting said capacitor be- 
tween the second terminal of said switch and 
ground so that said capacitor is charged through 
said switch; 

a voltage controlled oscillator; 

means for electrically connecting said voltage con- 
trolled oscillator to 

said capacitor wherein the voltage on said capacitor 
is equal to the voltage supplied to the input of said 
voltage controlled oscillator; 

a clock generator, 

means for providing the output signal from said volt- 
age controlled oscillator to the clock input of said 
clock generator, wherein said clock generator gen- 
erates said clock signal; and 

means for providing said output pulse as a control 
signal to said switch, wherein said switch is closed 
periodically in response to said pulse, wherein the 
closing of said switch causes a change in the volt- 
age on said capacitor if said output pulse is not 50 
synchronized with said clock signal and wherein 
the change in the voltage on said capacitor causes 
a change in the frequency of the output signal from 
said voltage controlled oscillator so as to adjust the 
period of said clock signal in such a manner that 55 
said clock signal is synchronized with said output 
pulse. 

2. Apparatus in accordance with claim 1 additionally 
comprising: 

integrator means; 60 
means for providing said received NRZ digital data 

to said integrator means; and 
means for controlling the integration of said received 
NRZ digital data by said integrator means in re- 
sponse to said clock signal in such a manner that 65 
the integration of said received NRZ digital data 
for each bit period is begun at substantially the 
beginning of each bit period. 



3. Apparatus in accordance with claim 2 wherein said 
means for providing said received NRZ digital data to 
said transition detector and pulse width generator com- 
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a squaring circuit; and 

means for providing said received NRZ digital data 
through said squaring circuit to said transition de- 
tector and pulse width generator. 

4. Apparatus in accordance with claim 2 additionally 
comprising: 

a threshold detector means; 
means for providing the output from said integrator 
means to said threshold detector means, wherein 
said threshold detector means provides an output 
signal which is representative of the state of said 
received NRZ digital data for a particular bit per- 
iod; 

a data latch means; and 

means for providing the output from said threshold 
detector means to said data latch means to thereby 
store the state of said received NRZ digital data for 
a particular bit period. 

5. Apparatus in accordance with claim 4 wherein data 
is stored in said data latch means in response to said 
clock signal. 

6. A method for establishing a clock signal which has 
a period equal to the bit period for received non-return 
to zero (NRZ) digital data and which is synchronized 
with said received NRZ digital data comprising the 
steps of 

establishing a transition signal having a desired prede- 
termined pulse width which pulses each time said 
received NRZ digital data makes a state transition; 
supplying a clock signal to a first terminal of a switch; 
electrically connecting a capacitor between the sec- 
ond terminal of said switch and ground; 
electrically connecting a voltage controlled oscillator 
to said capacitor, wherein the voltage on said ca- 
pacitor is equal to the voltage supplied to the input 
of said voltage controlled oscillator; 
generating said clock signal in response to the output 
signal from said voltage controlled oscillator; and 
closing said switch periodically in response to said 
transition pulse, wherein the closing of said switch 
causes a change in the voltage of said capacitor if 
said transition pulse is not synchronized with said 
clock signal and wherein the change in the voltage 
on said capacitor causes a change in the frequency 
of the output signal from said voltage controlled 
oscillator so as to adjust the period of said clock 
signal in such a manner that said clock signal is 
synchronized with said transition pulse. 

7. A method in accordance with claim 6 additionally 
comprising the steps of: 

(a) integrating said received NRZ digital data for a bit 
period; 

(b) controlling the integration of said received NRZ 
digital data in response to said clock signal in such 
a manner that the integration of said received NRZ 
digital data is in a first state corresponding to a 
logic one or low enough to indicate that said re- 
ceived NRZ digital data is in a second state corre- 
sponding to a logic zero. 

8. A method in accordance with claim 7 additionally 
comprising the steps of: 

storing the results of said detection; 
destroying the results of said integration; and 
repeating steps a-b for a new bit period 
* * • ♦ * 
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